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Abstract
We propose a particularly economical neutrino mass model, in which there are
only two right-handed Majorana neutrinos of O(1) TeV and their masses are
highly degenerate. Its novel Yukawa-coupling texture together with the seesaw
mechanism allows us to achieve the normal neutrino mass hierarchy with
m1 = 0 and a nearly tri-bimaximal neutrino mixing pattern with the maximal
CP-violating phase: θ23 = pi/4, |δ| = pi/2 and sin2 θ12 = (1 − 2 tan2 θ13)/3.
One may also obtain the inverted neutrino mass hierarchy with m3 = 0 and
the corresponding neutrino mixing pattern with θ23 = pi/4 and θ13 = δ = 0.
In both cases, the cosmological baryon number asymmetry ηB ≈ 6.1 × 10−10
can naturally be interpreted through the resonant leptogenesis mechanism.
After taking into account the flavor effects, we find that the prediction for ηB
is enhanced by a factor ∼ 4. An experimental test of this TeV-scale neutrino
model might be possible at LHC and ILC in the future.






The recent solar [1], atmospheric [2], reactor [3] and accelerator [4] neutrino oscillation
experiments have provided us with very robust evidence that neutrinos are massive and
their flavor mixing involves two large angles (θ12 ∼ 34◦ and θ23 ∼ 45◦) and one small angle
(θ13 < 10
◦). These important results indicate that the minimal standard electroweak model,
in which neutrinos are massless Weyl particles, is incomplete. A very economical extension of
the standard model, the so-called minimal seesaw model [5], is to introduce two heavy right-
handed Majorana neutrinos (N1 and N2) but preserve its SUL(2)×UY(1) gauge symmetry.
In this case, the Lagrangian relevant for lepton masses can be written as
−Llepton = lLYlEH + lLYνNHc +
1
2
N cMRN + h.c. , (1)
where lL denotes the left-handed lepton doublet, H is the Higgs-boson weak isodoublet (H
c ≡
iσ2H
∗), E and N stand respectively for the right-handed charged-lepton and Majorana
neutrino singlets. After spontaneous gauge symmetry breaking, we obtain the charged-lepton
mass matrix Ml = Ylv and the Dirac neutrino mass matrix MD = Yνv with v ≈ 174 GeV
being the vacuum expectation value of H . Because N1 and N2 are SU(2)L singlets, their
mass scale is not subject to the electroweak symmetry breaking and can be much higher than
v. Then the seesaw mechanism [6] works for the effective (light and left-handed) neutrino




D holds as a very good approximation. The smallness
of left-handed neutrino masses mi (for i = 1, 2, 3) is therefore ascribed to the largeness of
right-handed neutrino masses Mi (for i = 1, 2), while the bi-large neutrino mixing pattern
is attributed to a significant mismatch between the diagonalizations of Ml and Mν .
Note that Llepton allows the lepton-number-violating decays ofNi (for i = 1, 2) to happen:
Ni → l+Hc and Ni → lc +H . Since each decay mode can occur at both tree and one-loop
levels, the interference of two decay amplitudes leads to a CP-violating asymmetry εi between
Ni → l +Hc and its CP-conjugated process Ni → lc +H . If the expansion of the Universe
gives rise to the out-of-equilibrium decays of N1 and (or) N2 [7], then ε1 and ε2 (or one of
them) may result in a net lepton number asymmetry. The latter can partially be converted
into a net baryon number asymmetry via the nonperturbative sphaleron interaction [8]. Such
an elegant baryogenesis-via-leptogenesis mechanism [9] provides a viable interpretation of
the cosmological baryon number asymmetry, ηB ≡ nB/nγ = (6.1± 0.2)× 10−10, which has
recently been extracted from the three-year WMAP observational data [10].
The most straightforward and conceivable test of the seesaw and leptogenesis mecha-
nisms is to discover the heavy right-handed Majorana neutrinos and measure the strength
of their interactions with other known particles, for instance, at the Large Hadron Collider
(LHC) and the International Linear Collider (ILC) [11] in the near or foreseeable future.
Nevertheless, Ni cannot be produced at LHC unless its mass scale Mi is of O(1) TeV up
to O(10) TeV, far below the typical seesaw scale ΛSS ∼ 1010···14 GeV [6]. If Mi ∼ O(1)
TeV is taken, for example, a successful leptogenesis to account for the observed value of ηB
requires that the splitting between M1 and M2 be extremely small [12]. This interesting
scenario, usually referred to as the resonant leptogenesis mechanism, may also get clear of
the gravitino overproduction problem in those supersymmetric extensions of the standard
model with heavy Majorana neutrinos of Mi ∼ ΛSS.
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The purpose of this paper is two-fold: (1) to simultaneously explain the neutrino mixing
pattern and the cosmological baryon number asymmetry in the minimal seesaw model; (2) to
allow for the experimental testability of the seesaw and leptogenesis mechanisms at LHC and
ILC. Motivated by these physical goals, we are going to propose a particularly economical
and suggestive seesaw model with two highly degenerate right-handed Majorana neutrinos
of O(1) TeV. The novel Yukawa-coupling texture of our model leads to the normal neutrino
mass hierarchy with m1 = 0 and a nearly tri-bimaximal neutrino mixing pattern with the
maximal CP-violating phase: θ23 = pi/4, |δ| = pi/2 and sin2 θ12 = (1 − 2 tan2 θ13)/3. On
the other hand, one may get the inverted neutrino mass hierarchy with m3 = 0 and the
corresponding neutrino mixing pattern with θ23 = pi/4 and θ13 = δ = 0. We demonstrate
that it is possible to establish a straightforward link between CP violation in the decays
of heavy right-handed Majorana neutrinos and that in the oscillations of light left-handed
Majorana neutrinos in the m1 = 0 case. The cosmological baryon number asymmetry
ηB ≈ 6.1× 10−10 can naturally be interpreted through the resonant leptogenesis mechanism
in both m1 = 0 and m3 = 0 cases. After taking account of the flavor effects, we find that
the prediction for ηB is enhanced by a factor ∼ 4. It is worthwhile to stress that this simple
TeV-scale neutrino mass model is also viable in the supersymmetric case, and it might be
testable at LHC and ILC in the future.
II. NEUTRINO MIXING
A salient feature of the minimal seesaw model is that it automatically predicts m1 = 0
or m3 = 0 [5], where mi (for i = 1, 2, 3) denote the masses of three left-handed Majorana


















with m3 = 0, where V0 and U are 3×3 and 2×2 unitary matrices, respectively. Without loss
of generality, we adopt the flavor basis in which both the charged-lepton mass matrix Ml
and the right-handed Majorana neutrino mass matrix MR are diagonal, real and positive.




D implies that the flavor mixing of light neutrinos
depends primarily on V0 and the decays of heavy neutrinos rely mainly on U [14]. This











6 − 1/√3 1/√2

 , (3)
which is compatible very well with the best fit of current experimental data on neutrino
oscillations [16]. On the other hand, we assume U to be the maximal mixing pattern with















Since α is the only phase parameter in our model, it should be responsible both for the CP
violation in neutrino oscillations and for the CP violation inNi decays. In order to implement
the idea of resonant leptogenesis, we assume that two heavy Majorana neutrino masses are
highly degenerate; i.e., the magnitude of r ≡ (M2 −M1)/M2 is strongly suppressed. Indeed
|r| ∼ O(10−7) or smaller has typically been anticipated in some seesaw models with three
right-handed Majorana neutrinos [12] to gain the successful resonant leptogenesis.
Given |r| < O(10−4), the explicit form of Mν can reliably be formulated from the seesaw




D by neglecting the tiny mass splitting between N1 and N2. In
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where ω = x/y. Then both the neutrino mass spectrum and the neutrino mixing pattern
can be achieved from the diagonalization of M (1)ν or M
(3)
ν .
• Normal neutrino mass hierarchy with m1 = 0. In this case, we diagonalize M (1)ν by
using the transformation V †M (1)ν V
∗ = Diag {0, m2, m3}, where V is just the neutrino
























where 0 < ω < 1. Taking account of m2 =
√
∆m221 and m3 =
√
∆m221 + |∆m232|, we
obtain m2 ≈ 8.9× 10−3 eV and m3 ≈ 5.1× 10−2 eV by using ∆m221 ≈ 8.0× 10−5 eV2







3 i sin θ/
√
3
−1/√6 cos θ/√3 + i sin θ/√2 cos θ/√2 + i sin θ/√3
1/
√
6 − cos θ/√3 + i sin θ/√2 cos θ/√2− i sin θ/√3

 , (7a)
where θ is given by tan 2θ = 2ω tan 2α/(1 + ω2). Comparing this result with the
standard parametrization of V [17], we immediately arrive at
sin2 θ12 =
1− sin2 θ







, δ = −pi
2
, (8a)
and vanishing Majorana phases of CP violation. Eq. (8a) implies an interesting
correlation between θ12 and θ13: sin
2 θ12 = (1− 2 tan2 θ13)/3. When θ13 → 10◦, we get
4
θ12 → 34◦, which is very close to the present best-fit value of the solar neutrino mixing
angle [16]. Note that the smallness of θ13 requires the smallness of θ or equivalently
the smallness of α. Eqs. (6a) and (8a), together with θ13 < 10
◦ and the values of
m2 and m3 obtained above, yield 0.39
<∼ ω <∼ 0.42, 0◦ <∼ α <∼ 23◦ and 0◦ <∼ θ <∼ 18◦.
We observe that Eq. (6a) can reliably approximate to m2 ≈ x2/M2 and m3 ≈ y2/M2
for α <∼ 10◦. The Jarlskog parameter J [18], which determines the strength of CP
violation in neutrino oscillations, is found to be |J | = sin 2θ/(6√6) <∼ 0.04 in this
scenario. It is possible to measure |J | ∼ O(10−2) in the future long-baseline neutrino
oscillation experiments.
• Inverted neutrino mass hierarchy with m3 = 0. In this case, we diagonalize M (3)ν by
using the transformation V †M (3)ν V
























where 0 < ω < 1. Taking account of m1 =
√
|∆m232| −∆m221 and m2 =
√
|∆m232|, we
get m1 ≈ 4.9× 10−2 eV and m2 ≈ 5.0× 10−2 eV by inputting ∆m221 ≈ 8.0× 10−5 eV2
and |∆m232| ≈ 2.5× 10−3 eV2. In addition,
V =

 2 cos θ/
√




3 + 2i sin θ/
√
6 0
− cos θ/√6 + i sin θ/√3 cos θ/√3− i sin θ/√6 1/√2
cos θ/
√
6− i sin θ/√3 − cos θ/√3 + i sin θ/√6 1/√2

 , (7b)
where θ is given by tan 2θ = 2ω tan 2α/(1 + ω2). When the standard parametrization
of V [17] is applied to Eq. (7b), we have
sin2 θ12 =
1 + sin2 θ
3
, θ13 = 0 , θ23 =
pi
4
, δ = 0 , J = 0 , (8b)
and vanishing Majorana phases of CP violation. Eq. (8b) indicates that M (3)ν actually
has the µ-τ symmetry and CP is conserving at low-energy scales in this scenario.
Given 30◦ < θ12 < 38
◦ [16], θ is found to lie in the range 0 <∼ θ <∼ 22◦. This result,
together with Eq. (6b) and the values of m1 and m2 obtained above, allows us to get
0◦ <∼ α <∼ 22◦ and 0.991 <∼ ω <∼ 0.992. We observe that m1 ≈ x2/M2 and m2 ≈ y2/M2
are good approximations of Eq. (6b) for α <∼ 10◦.
From a phenomenological point of view, the scenario with m1 = 0 is more favored and more
interesting than the scenario with m3 = 0. Both of them can be tested in the near future.
III. RESONANT LEPTOGENESIS
Now let us consider the lepton-number-violating and CP-violating decays of two heavy




the tree level, where Yν = MD/v. With the help of Eq. (2), it is easy to verify that M
†
DMD
has a universal form for both m1 = 0 and m3 = 0 cases:







Given the near degeneracy between M1 and M2, it turns out that Γ1 = Γ2 is an excellent
approximation. But the decay mode Ni → l+Hc and its CP-conjugated process Ni → lc+H
can actually occur at both tree and one-loop levels. Hence their CP-violating asymmetry
εi, defined as the ratio of the difference Γ(Ni → l + Hc) − Γ(Ni → lc + H) to the sum
Γ(Ni → l+Hc) + Γ(Ni → lc +H), arises from the interference of two decay amplitudes [9].
Note that the self-energy correction dominates over the vertex correction at the one-loop
level, as the former is resonantly enhanced by the tiny mass splitting between N1 and N2.
In other words, εi primarily results from the interference between the tree-level amplitude



























where i and j run over 1 and 2 but i 6= j. Combining Eqs. (9) and (10), we obtain the





1024pi2v4r2 + y4 (1 + ω2)2
] r sin 4α , (11)
in which r ≡ (M2 −M1)/M2 has been defined to describe the mass splitting between two
heavy Majorana neutrinos. Of course, ε1 = ε2 is also an excellent approximation. These
two CP-violating asymmetries would vanish if r = 0 or α = 0 were taken.
To estimate the order of εi at the TeV scale, we restrict ourselves to the interesting
α <∼ 10◦ region and make use of the approximate result y2 ≈ m3M2 (or y2 ≈ m2M2)
obtained above for the m1 = 0 (or m3 = 0) case.
• In the m1 = 0 case, we get y2 ≈ 5.1×10−8 GeV2 from m3 ≈ 5.1×10−2 eV andM2 ≈ 1
TeV. In addition, ω ≈ 0.42. Then Eq. (11) is approximately simplified to
εi ≈
{
−9.7× 10−15 r−1 sin 4α , for r ≫ 2.0× 10−14 ,
−2.5× 1013 r sin 4α , for r ≪ 2.0× 10−14 , (12a)
together with εi ∼ −0.25× sin 4α for r ∼ 2.0× 10−14. Note that |εi| ∼ O(10−5) is in
general expected so as to achieve the successful leptogenesis (see below). Hence the
third possibility r ∼ O(10−14) requires α ∼ O(10−4), implying very tiny (unobservable)
CP violation in neutrino oscillations. If α ∼ 5◦ · · · 10◦, one may take either r ∼ 10−10
or r ∼ 10−18 to obtain |εi| ∼ O(10−5).
1For simplicity, here we do not discriminate one lepton flavor from another in the final states of
Ni decays. Such flavor effects will be discussed in section IV.
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• In the m3 = 0 case, we obtain y2 ≈ 5.0 × 10−8 GeV2 from m2 ≈ 5.0 × 10−2 eV and
M2 ≈ 1 TeV. In addition, ω ≈ 0.99. Then Eq. (11) is approximately simplified to
εi ≈
{ −3.3× 10−18 r−1 sin 4α , for r ≫ 3.2× 10−14 ,
−3.1× 109 r sin 4α , for r ≪ 3.2× 10−14 , (12b)
together with εi ∼ −5.0× 10−5 sin 4α for r ∼ 3.2× 10−14. Given either r ∼ O(10−14)
or r ∼ O(10−13), it is straightforward to arrive at |εi| ∼ O(10−5) for α ∼ 5◦ · · · 10◦. If
r ≪ 3.2×10−14 holds, on the other hand, |εi| will be impossible to reach O(10−5). Note
again that J = 0 has been obtained in Eq. (8b), implying that εi 6= 0 is completely
independent of J = 0 in this scenario.
As described before, the CP-violating asymmetries ε1 and ε2 can give rise to a net lepton
number asymmetry in the Universe, provided its expansion rate is larger than Γ1 and Γ2. The
nonperturbative sphaleron interaction may partially convert this lepton number asymmetry
into a new baryon number asymmetry [19],
ηB ≈ −0.96× 10−2
2∑
i=1
(κiεi) ≈ −1.92× 10−2 κiεi , (13)
where κ1 and κ2 are the efficiency factors measuring the washout effects associated with
the out-of-equilibrium decays of N1 and N2, and κ1 = κ2 is an excellent approximation in
our model. To evaluate the magnitude of κi, let us take account of the effective neutrino
masses m˜i ≡ (M †DMD)ii/Mi = (x2 + y2)/(2Mi). Of course, m˜1 = m˜2 is also an excellent




(m2 +m3) ≈ 2.9× 10−2 eV (14a)




(m1 +m2) ≈ 5.0× 10−2 eV (14b)
holds for the inverted neutrino mass hierarchy (m3 = 0). When m˜i > 10
−3 eV, the washout
of the baryon number asymmetry is so effective that the final asymmetry can hardly depend
on the initial one. Alternatively, one may define the parameters Ki ≡ Γi/H at T = Mi,
where T denotes the temperature of the Universe, H ≡ 1.66g1/2∗ T 2/Mplanck is the Hubble
constant with g∗ ≃ 107, and Mplanck ≈ 1.2 × 1019 GeV represents the Planck mass. The
relationship between Ki and m˜i is rather simple: Ki = m˜i/m∗, where m∗ ≃ 1.08× 10−3 eV
is the so-called equilibrium neutrino mass. When the parameters m˜i or Ki lie in the strong
washout region (i.e., m˜i ≫ m∗ or Ki ≫ 1), the efficiency factors κi can be estimated by










which is valid when the masses of two heavy right-handed Majorana neutrinos are nearly
degenerate. With the help of Eq. (14), we get Ki ≈ 27 and κi ≈ 4.4× 10−3 for the m1 = 0
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case; or Ki ≈ 46 and κi ≈ 2.4× 10−3 for the m3 = 0 case. Finally, the cosmological baryon
number asymmetry is found to be
ηB ≈
{
8.2× 10−19 r−1 sin 4α , for r ≫ 2.0× 10−14
2.1× 109 r sin 4α , for r ≪ 2.0× 10−14 (16a)
in the m1 = 0 case; or
ηB ≈
{
1.5× 10−22 r−1 sin 4α , for r ≫ 3.2× 10−14
1.4× 105 r sin 4α , for r ≪ 3.2× 10−14 (16b)
in the m3 = 0 case.
Note that the numerical results in Eq. (16) are obtained by taking M2 ≈ 1 TeV. Other
results can similarly be achieved by starting from Eq. (11) and allowing M2 to vary, for
instance, from 1 TeV to 10 TeV. To illustrate, FIG. 1 shows the simple correlation between
r and α to get ηB = 6.1 × 10−10 in the m1 = 0 case, where M2 = 1 TeV, 2 TeV, 3 TeV,
4 TeV and 5 TeV have typically been input. One may clearly see the distinct behaviors
of r changing with α in two different regions: r ≫ O(10−13) and r ≪ O(10−13), in which
ηB ∝ εi ∝ y2r−1 sin 4α ∝ M2r−1 sin 4α and ηB ∝ εi ∝ y−2r sin 4α ∝ M−12 r sin 4α hold
respectively as the leading-order approximations. Therefore, we have r ∝ sin 4α in the first
region and r ∝ 1/ sin 4α in the second region for given values of ηB and M2. The correlation
between r and α in the m3 = 0 case can be discussed in an analogous way.
IV. FLAVOR EFFECTS
Flavor effects in leptogenesis have recently attracted a lot of attention [21]. All the
Yukawa interactions of charged leptons are in thermal equilibrium at the TeV scale [22],
hence the flavor issues should be taken into account in our model. In the framework of
resonant leptogenesis, it is straightforward to calculate the CP-violating asymmetry between
Ni → lα +Hc and Ni + lcα +H decays for each lepton flavor α (= e, µ or τ):
εiα ≡
Γ(Ni → lα +Hc)− Γ(Ni → lcα +H)∑
α






























where i and j run over 1 and 2 but i 6= j. Combining Eqs. (17) and (2), we explicitly obtain
εie =
ω2
3(ω2 − 1) εi , εiµ = εiτ =
2ω2 − 3
6(ω2 − 1) εi (18a)
in the m1 = 0 case; and
εie =
2ω2 − 1
3(ω2 − 1) εi , εiµ = εiτ =
ω2 − 2
6(ω2 − 1) εi (18b)
8
in the m3 = 0 case, where εi has been given in Eq. (11). Because ε1 = ε2 is an excellent
approximation, one can see from Eq. (18) that ε1α = ε2α is also an excellent approximation.
In view of 0.39 <∼ ω <∼ 0.42 for m1 = 0 or 0.991 <∼ ω <∼ 0.992 for m3 = 0, we have εie < 0
and εiµ = εiτ > 0 in both cases. The sum of these three flavor-dependent asymmetries is
just the total CP-violating asymmetry εi; i.e., εie + εiµ + εiτ = εi holds exactly.
Once the initial values of εiα are fixed, the final result of ηB will be governed by a
set of flavor-dependent Boltzmann equations including the (inverse) decay and scattering
processes as well as the nonperturbative sphaleron interaction [21–23]. In order to estimate
the washout effects, one may introduce the parameters
Kiα =
Γ(Ni → lα +Hc) + Γ(Ni → lcα +H)∑
α







where Ki ≡ Γi/H at T = Mi has been defined before. Of course, Kie + Kiµ + Kiτ = Ki
holds. With the help of Eq. (2), we get either




K1µ = K2τ =
2ω2 − 2
√
6 ω + 3
6(1 + ω2)
Ki ,
K1τ = K2µ =
2ω2 + 2
√






























in the m3 = 0 case. Recalling 0.39
<∼ ω <∼ 0.42 (or 0.991 <∼ ω <∼ 0.992) and Ki ≈ 27 (or
Ki ≈ 46) for m1 = 0 (or m3 = 0), one can confirm Kiα > 1 (for i = 1, 2 and α = e, µ, τ)
in both cases. Given the initial thermal abundance of Ni and the condition Kiα ≥ 1, the
baryon number asymmetry in the r ≪ 1 limit is found to be [23]










≈ −0.96× 10−2 εi
Ki
, (21)
where the definition Kα ≡ K1α +K2α is self-explanatory and the excellent approximations
K1 = K2 and ε1α = ε2α have been used.
Comparing Eq. (21) with Eq. (13) and taking account of Eq. (15), we demonstrate that
the prediction for ηB gets enhanced due to the flavor effects:
ηB [Eq. (21)]
ηB [Eq. (13)]
≈ 1 + 2.19K0.13i e−1.25/Ki ≈
{
4.2 (m1 = 0) ,
4.5 (m3 = 0) .
(22)
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This result can be understood as follows. Because the lepton number asymmetries for
different flavors (originating from εie, εiµ and εiτ ) may experience different washout processes,
they contribute to the final baryon number asymmetry in different ways. In particular, the
Yukawa couplings for different lepton flavors are not strongly hierarchical in our model. The
overall flavor effects on ηB turn out to be moderate, as shown in Eq. (22).
V. CONCLUDING REMARKS
Finally, let us summarize the main assumptions made in this work and give some more
remarks about our model.
• We have made three assumptions in building the model. Taking V0 to be the tri-
bimaximal mixing pattern is purely a phenomenological assumption, so is taking U to
be the maximal mixing pattern with a CP-violating phase. Both of them might be
able to result from certain flavor symmetries (e.g., discrete A4 and Z2 symmetries [24]).
The third assumption is the near degeneracy between M1 and M2, or equivalently the
smallness of r. It seems a bit contrived to take such tiny values of r, as shown in
FIG. 1, to achieve the successful baryogenesis via leptogenesis. Why is r so small?
A few authors [25] have conjectured that M1 and M2 might be exactly degenerate at
an energy scale higher than the seesaw scale (e.g., the GUT scale) and their small
splitting at the seesaw scale is attributed to the radiative corrections. A further study
of this interesting possibility will be presented elsewhere [26].
• Radiative corrections to the light neutrino masses, the mixing angles and the CP-
violating phases should also be taken into account, when those parameters run from the
seesaw scale down to the electroweak scale. A generic analysis of the renormalization-
group running effects in the minimal seesaw model has been done in Ref. [27]. Because
M1 ≈ M2 ∼ O(1) TeV is specified in our model, however, all of such running effects
are expected to be negligibly small. Even in the supersymmetric case with large tan β,
significant radiative corrections cannot emerge between the energy scales of O(1) TeV
and the electroweak scale.
• We stress that this TeV-scale neutrino mass model is also viable in the framework
of the minimal supersymmetric standard model. In particular, the above calculation
of ηB can simply be extended to accommodate supersymmetry. The size of εi in the
supersymmetric case is twice as large as in the standard model, so is the magnitude
of g∗ [19]. The enhancement of g∗ gives rise to the same order suppression of the
O(10−2) dilution coefficient in Eq. (13) or Eq. (21), hence the estimate of ηB is not
significantly changed by the introduction of supersymmetry. This observation, which
has been confirmed by our detailed analysis, implies that the numerical results shown
in FIG. 1 and Eq. (22) are expected to be roughly (order-of-magnitude) valid for the
minimal supersymmetric standard model.
In summary, we have proposed a very simple but suggestive seesaw model with two
highly degenerate right-handed Majorana neutrinos of O(1) TeV. Its novel Yukawa-coupling
texture leads to the normal neutrino mass hierarchy with m1 = 0 and a nearly tri-bimaximal
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neutrino mixing pattern with the maximal CP-violating phase: θ23 = pi/4, |δ| = pi/2 and
sin2 θ12 = (1 − 2 tan2 θ13)/3. On the other hand, it is possible to get the inverted neutrino
mass hierarchy with m3 = 0 and the corresponding neutrino mixing pattern with θ23 = pi/4
and θ13 = δ = 0. A straightforward link between CP violation in the decays of heavy
right-handed Majorana neutrinos and that in the oscillations of light left-handed Majorana
neutrinos can be established in the m1 = 0 case. We have successfully interpreted the
cosmological matter-antimatter asymmetry through the resonant leptogenesis mechanism
in both m1 = 0 and m3 = 0 cases. After taking into account the flavor effects, we have
shown that the prediction for the baryon number asymmetry ηB can be enhanced by a
factor ∼ 4 in our model. We remark that this simple TeV-scale neutrino mass model is also
viable in the supersymmetric case. The upcoming neutrino oscillation experiments will test
its predictions for the neutrino mass spectrum, flavor mixing angles and CP violation. A
more intriguing test of our model is certainly the direct search for TeV-scale right-handed
Majorana neutrinos 2, which can be done at LHC and ILC in the future. Due to the tiny
Yukawa couplings given by the model, however, the production of such new particles will be
a big challenge at any colliders.
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FIG. 1. Numerical illustration of the correlation between the mass splitting parameter r and
the CP-violating phase α in them1 = 0 case to achieve the successful baryogenesis via leptogenesis.
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